The reaction between 1, 3, i-[rinitrohenzene (T\'B) and dfethylamine (DEA) in acetone w-as investigated at room temperature by the stopped flow method.
Introduction
It has been found that aromatic poly-nitrocompounds react with aromatic amines to form chargetransfer (C-T) complexest>. For the reactions with aliphatic amines, however, there has been no evi• dence whether the products are C-T complexes2l-•t%~ or MeiseDheimer complexessl-71. On the reactions between poly-nitrocompounds and aliphatic amines, in general, slow reactions proceed following an initial fast readiona}"'el.
The nudeophilit substitution reactions of aromatic poly-nitrocompounds with OH', Et0-or Me0-proceed through the purple Meisenheimer wmplexs)--t2}; and these reactions were studied from the view point of kineticsta)-tsl-(Redi.ed January lA 1967) I) R. S. \ [ullilen, !. dnr. Chem. Soc., 72, 605 (1960}, ibid., 74, 811 (1912 , J. Phys. Chem., %, 801 (1912) 2) R. Foster, J. Clrem. Sa., 1959, 3108 3) R. E. Miller and \1'. F. R. R'pnne-Jones, ibid., 1959, 2375 4) C. R. Allen, A. J. Brook and E. F. Caldin, ibid.. 1961 . 2111 i) J. ]feisenheimeq dnu., 325, 201 (1902) 6) G. Briegteb, W. Liptay and M. Cantner. Z. physik. Chem., 26. 5i (1960) i) (a) R. Foster and R. R. >Iackie, Tefrahedra5 16, 119 (1961) (h) ibid., 18, 161 (1962) 8) R. Foster and C. A. Fyfe. fbid, 22, 1831 (1966) 9) R. Foster and C..4. Fyfe, Rw. Pure and .4ppl. Chem., 16, 61 (1966) 10) R, Foster and D. LI. Hammick, J. Chem, Sac., 1954 , 2153 I1) R, C. Farmer, ibid., 1959 12) R, Foster and R. K. hlackie, ibid.. 1963, 3196 J. Osugi and ~7. Sasaki For aliphatic amines, the stoichiometry of the complexes and thermodynamic parameters in equilibria were investigatedzM}rst, but the author can find no kinetic study, except that of Caldin and his co-workers made at low temperature. On this paper the reaction of T\B with DEA in acetone solution was studied kinetically, the properties of the complexes and the overall reaction scheme being considered at room temperature. The authors, however, hate obtained the quite different results from those of Caldin. In this case, a series of reaction nay be undergone, and an initial fast reaction was followed by a slow reaction on which a significant influence of "aging" of DEA in acetone was found. ~Ioreove~, NMI2 studies by Foster et al., have confirmed the addition of conjugated base of acetone to TNB in the same systema>.
The reaction rates mere pursued by the stopped flow methodaft~) observing optical densities a[ 472 and 516mµ.
Experiments Is Materials 1, 3, 5-trinitrobenzene was recrystallized three times from ethanol (mp 123`C). Diethylamine was distIlled from solid potassium hydroxide and redistilled in vacuum just before each run (bp 55.5`C). (1967) .Kinetic Studies on Fast Reactions in Solution I1 4i
The solvent was acetone which was dried with potassium carbonate and distilled, having by 56.SC.
Apparatus
The general construction was drawn in Pig. L The mixing chamber (DI) was made of teflon and both reacting solutions were led through glass tubes (2 mm~). Pour jets delivered tangentially. A glass tube was used for an observation tube and the position of observation was I i mm from the position oC mining.
Method of fluid drive In Fig. 1, (V) is the reservoir of a reacting solution. (C) are glass hypodermic syringes, (I) being the inlets of liquid [o wash the system. The reacting solutions, being led into (C) by operating [hreeway taps (T~), (T$), and the handle (H), can be driven tangentially into the mixing chamber by pushing the board (B) upward. Although the flow velocity was not constant over all runs*' because of the manual operation of fluid drive, the mixing time at lOml/sec of velocity was less than lOmsec by means of dilution. A hypodermic syringe was used for the stopper (S), and (E) is an outlet of the solution ailer each run.
Measurement
The filters to obtain required monochromes; a photomultiplier and an oscillograph or a recorder were aligned. The response time was less than 1 cosec.
Procedure
The acetone solutions of T1B and DEA were reserved in (V) at constam temperature. The reacting solutions, led into (Cl, were driven into the mixing chamber; this operation was repeated several times"=. The board (B) was pushed upward, and just after [he flow stopped the optical density was recorded on an oscillograph or on a recorder, It should be noticed that the concentrations of both reactants in the obsen~ation tube are one half of those in the reservoirs.
Results
The absorption spectrum of TVB and DEA shows nvo peaks at ai0 and 520 m2e immediately otter miring, the intensities of which develop slowly with time, and after long time (about 3 hours) the mixture has only one peak at 520m~r. '1'NB in DEA solution (without acetone) shows only a broad absorption band between 400~500mp, but the addition of a large quantity of acetone modified the . I Unless the fluctuation of mixing lime is important, it is not necessary to know accurate flaw velocity in the stopped flow method. In this work the half lives of the reactions are longer than 0.1 sec, so the fluctuation of [be mixing time at each run can be negligible so far as the variation of flow velocity is not so serious. * 2 'Phil operation was performed to fill the observation tube with the solutions.
The Review of Physical Chemistry of Japan Vol. 37 No. 1 (1967) The development of optical density at516mµ with time was seriously dependent time"'~a, as will be described later, although that at 412mµ was not. The traces shoten in 6 were analyzed for the initial fast and the following slow reactions, respectively. Slow reaction (the_mcasurement at 516m~) The reaction scheme should be inferred, first of all, from the identification of the reaction product, but unfortunately, in this case.. the attempts to determine the products from electronic, infrared and Ndf R spectra failed. The infrared spectrum of the product after complete dryness in vacuum indicated the existence of C=0 at 1 i IOcm-', N0, at 1550-~I560 cm'' and the broad absorption between 1000 1300cm'r which reduced by the addition of acid However the facts that the anti-symmetrical streching frequency of NO, does not shift from the parent TNB and that C=0 group remains even after the addition of acid would reject the conclusion that the product is Meisenheimer typen)zolzU.
An elementazy analysis also implied the participation of one acetone molecule in the product.
that is, the obsen~ed stoichiometry of theproduct is in good agreement with that Calculated as 1 : 2 : 1 for TNB, DEA and acetone. Moreover, the ultra-violet spectrum of DEA in acetone shows the appearance of new peaks. though weak, at 300 and 240---23D mgr. at which the optical densities develop with time.
On the other hand, the influence of aging time on the increase at 472m~ was not found; that is because [TNB] is at least 100 times less than [DEA] and so the complex, DA, produced from DEA and acetone during the aging is so small that the real concentration of DEA at the mixing does not so much -20) L. S. Dyall, 7. Grem. Soc., 1960, S I60 2Q S. Nagakura; Tehahedron Suppl., 9, 36l (1963) J. Osugi aad Ai. Sasaki deviate from that at the preparation.
Discussion
The reaction between TVB and aliphatic amine; is conspicuously dependent on soh~entsz)a~n . Caldin investigated the initial fast reaction between TnB and DEA in acetone-water and in atetoneether at low temperature (-28,98-85.60`C) from the view point of kine[its~~. Foster pursued the following slow steps by means of NYIR at mom temperature and postulated the following reaction schemea>. where (VI) is an unknown substance. Caldia sugge=fed from the rate study that C-T complex (I) is formed from the hydrogen-bonded dieter (DEA). and TNB'), The present study, however, shows that the rate of formation of the initial complex is of first order with respect to DEA and so the complex, C, is different from (I). The following slow reaction can be regarded as that between the complex and DA; this step will be considerably fast until DA becomes stationary concentration, [ha[ ia. kf hence the plot of Guggenheim's method is able to be adopted and its slope gives [be relation (I). The kinetic and thermodynamic parameters listed on Table 1 are quite dinerent from Caldin'stl. The remarkable contrast is that dH' obtained by Caldin is negative (-0.215 kcal/mole), while, in the present study 9H' is positive (3.i kcal/mole); although the direct comparison is impossible because of different kinetic order. The apparent activation energy; in general, is dependent on temperature?al, so the value of dfl° derived from [he activation energies is variable with temperature and it is not so surprising that it varies by 2---3 kcal mole due to thetemperature difference of 100°C. But the difference of reaction order and the change from exothermic reaction to endothermic one with temperature. 22) W. Liptay andN. Tamberg, Z. Efeklrockem., 66, 59 (1962) 23) ~. Frost and R.G. Pearson. " Kinetics and l~fechanism", p, p. 24, 94, John Wiley & Sons, Inc., Yew York, London (1962) including [he solvent effects, are unsolved problems.
Considering that dN° and dS° are both positive and that dS~> and dSa~ are both negative , it can be concluded that the transition state is remarkably solvated and significant desolvation accompanies the complex formation.
Slow reaction
Although Foster elucidated the step II--.IV+VaI, it is doubtful how important the reaction is in such a dilute solution as in the present study.
The product (VI) having a maximum peak a[ 520m~1 is not identified, but considering the time dependence of the variation of optical density and the spectra in Fig. 2 , it seems reasonable to conclude that (VI) is mainly produced in a dilute solution and that the contribution of (II) and (III) to optical density at 516mN is negligible. The product, P, in the step (3) may be identical with (VI), although the product will be formed not through the Foster's postulate but through the steps, (3), (4) and (5), which well explain the results that [he development of the product is quite characteristic of the consecutive reactions.
From equation (5), the rate of appearance of P can he represented by equation (9), dt assuming that reaction (4) is slow and DA is in steady-state, this equation is reduced to. . Kyoto, Japma
